There were 65 incidents involving access to the vascular system amongst the first 2000 reported to the Australian Incident Monitoring Study. Thirty-three involved peripheral venous access (14 cases of extravascular extravasation, 8 of unintended arterial cannulation, 6 of disruptions to intravenous lines, and 5 of problems with infusion lines, taps, pumps and connectors). Eighteen cases involved central venous access (9 cases of arterial puncture with haematomas, 5 with morbidity and/or prolonged admission), 5 of catheter misplacement and pneumo-or hydro-thorax and 4 of problems arising from operator inexperience. Thirteen cases involved peripheral arterial acces (5 involved equipment problems (3 with possible air embolism), 3 of mistaking an arterial for a venous line (drugs were injected in 2), 3 of losing arterial lines or signals, and 2 in which the presence of an arterial line placed the patient at risk}. The anaesthetist should always question the continued integrity of any vascular access system, even when it has recently been shown to be functioning, and the possibility of later "migration" and misplacement should always be borne in mind. Whenever possible, correct placement of the tip should be checked (e.g. by visual inspection of the site, use of test doses, aspiration of blood, pressure measurement, X-rays). When there is more than one line, aI/lines and sites of access (e.g. 3-way taps) should be clearly labelled and checked before anything is injected or infused.
Peripheral or central venous access is a basic requirement for most anaesthetics; pulmonary and/or systemic arterial catheterization is required less frequently, usually in the context of invasive monitoring of cardio-respiratory parameters. The necessary clinical manoeuvres expose both the patient and operator to some risk. However, because of the mundane nature of many of these procedures, little has been published about the everyday problems associated with them. It was therefore decided to study the first 2000 incidents reported to the Australian Incident Monitoring Study (AIMS) to analyze the problems associated with vascular access, with the objective of identifying those aspects of clinical practice more likely to contribute to an adverse patient outcome and in need of improved risk management.
METHOD
Information of relevance to incidents arising from any physical manipulation or invasion of the vascular system was extracted from the first 2000 incidents reported to AIMS. AIMS involves the voluntary, anonymous reporting of any unintended incident which reduced, or could have reduced, the safety margin for a patient. Details of the AIMS methods are provided elsewhere in this symposium. I All incident reports were studied in which the incident involved either the securing, utilization or ongoing care of clinical access to the systemic and/or pulmonary circulation.
RESULTS
Of the first 2000 incidents reported to AIMS, 65 (3 0J0) were incidents involving access to the vascular system. Half (33) of these incidents involved problems with peripheral venous access, 13 with peripheral arterial access, 18 with access to a central vein, and one followed pulmonary artery catheterization (see Table 1 ).
DISCUSSION

I. Incidents Involving Peripheral Venous Access (33 cases) A. Extravascular Extravasation (14 cases)
Fourteen incidents were reported of intravenous cannulae becoming misplaced with extravascular extravasation of drug. In 4 of these cases, cannulae sited before the patient arrived in the operating suite were used for the intravenous induction of anaesthesia, with no clinical response. In 2 of these, the presence of an intravenous fluid line reported to be running satisfactorily misled the anaesthetist, while in one of the 4 the intravenous skin site was bandaged, and only after direct inspection was the cannula seen to be unreliable. In 8 incidents, the anaesthetist inserted the intravenous cannula immediately prior to anaesthesia. In 2 cases, extravasation was noted after the injection of only 2-3 ml of the hypnotic drug while in 3 instances a substantial amount had been given prior to the mistake being realized. In one of these 3 cases, a fit 18-year-old patient received 2 ml of intravenous procaine followed by 100 p,g fentanyl and 100 mg propofol through an 18 gauge cannula, with no pain on injection and no clinical effect. Only then was the extravasation noted; the reporter speculated that the initial local anaesthetic administration may have masked any clinical symptoms. In the remaining 3 incidents of this group of 8, extravasation occurred between injection of the hypnotic agent and the muscle relaxant.
In a further 2 incidents, intravenous fluid infusion was associated with gross oedema in the hand connected to the giving set. In both cases, surgical draping concealed the limb and delayed detection of the problem. In one, a fall in the saturation to 58070 with a flattening of the signal waveform alerted the anaesthetist to the developing gross oedema in the hand bearing both the pulse oximeter and the intravenous infusion; the infusion had required a pressure bag to run. In another case, a severely swollen leg in a pre-Anaesthesia and Intensive Care. Vol. 21. No. 5, October, 1993 term neonate was only detected on removal of the drapes following a 5-hour procedure.
The anaesthetist should maintain a healthy suspicion of all intravenous lines, including those that appear to have been functioning satisfactorily at the outset of anaesthesia. The skin-catheter interface should be readily visible, and should be closely observed for tissue swelling or undue venous distension during a test injection of normal saline, or a small amount of the agent should be employed. The patient should be encouraged to report any discomfort during drug administration; it should be appreciated that the use of local anaesthetic agents may mask extravascular injection.
B. Unintended Arterial Cannulation (8 cases)
Eight incidents involved unintended arterial cannulation while in pursuit of peripheral venous access. Five of these incidents involved needle insertion in the antecubital fossa, and in the other 3, attempted venous cannulation succeeded in locating an aberrant or tortuous radial artery at the wrist. Each arterial cannulation at the wrist was immediately recognized on release of the tourniquet or on removal of the stylet; however, in all 5 brachial artery cannulations, drugs intended for intravenous administration were given intra-arterially. The prudent use of a test dose prevented serious vascular sequelae in 4 of these cases.
C Disconnections, diversions, and obstructions of intravenous lines (6 cases)
In 2 paediatric patients, the intravenous lines were covered by the surgical drapes, and disconnections allowed the extravasation of blood from the patient; these were only detected at the end of the operation, one at the time of reversal of muscle relaxation, and the other upon removal of the surgical drapes.
Surgical drapes obscuring an intravenous line contributed to another such incident. A towel clip holding the diathermy cable to the surgical drapes punctured the intravenous fluid tubing and the problem was only discovered when the surgical drapes were noticed to be wet. Surgical drapes also contributed to the loss of 200 ml of blood from an incorrectly aligned 3-way tap attached to a large bore central venous line. The anaesthetist did not recognize the problem until the drapes became unexpectedly blood-stained.
The use of a three-way tap in an intravenous system also contributed to an incident at the induction of anaesthesia. The misalignment of the tap resulted in the drug solutions travelling away from and not towards the patient; this was only discovered following the lack of the anticipated clinical response.
In the remaining incident an intravenous cannula was uneventfully sited in the hand of an extended upper limb belonging to a muscular 130 kg male. Immediately afterwards, the elbow was flexed and then used for the intravenous induction of anaesthesia. Pain on injection was followed by lack of clinical response, and it was then noted that the hand veins had become markedly distended. Extending the forearm resulted in prompt collapse of the veins and the rapid onset of anaesthesia. These cases underline the desirability of the ready visibility of the entire infusion system from the container of fluid to the cannula-skin interface. Unfortunately in paediatric patients, for whom such practice is particularly advisable, the difficulty in meeting this recommendation may be greatest. Care should be taken with three-way taps.
D. Other problems associated with intravenous fluid or drug infusions (4 cases)
This heterogenous group consisted of 4 cases. The first incident began when an intravenous blood warming coil, largely out of sight in its warming bath, was connected to a patient in its unprimed state. The potentially dangerous air embolism was only prevented when donor blood which had entered the clear tubing of the warming coil was seen to adhere to the wall of the tube. A case could be made for incorporating an air filter into all blood warming coils during their manufacture.
The second incident in this category arose from the practice of connecting two separate containers of fluid to the patient through one intravenous line ("piggybacking"). The absence of an anti-reflux valve allowed the contents of the distal container to be emptied into the more proximal line, rather than into the vein; neither preparation was reaching the patient. Again, venous obstruction probably contributed to this problem, but an anti-reflux valve in the proximal limb may have revealed the unsatisfactory pattern of flow at an earlier time.
In the third incident involving two anaesthetists, a burette containing sodium nitroprusside was turned on to the patient by the trainee anaesthetist, who believed the fluid to be 5UJo dextrose. Unexpected profound hypotension was avoided only because that lumen of the triple lumen conduit was fortuitously blocked near the patient. The reporter attributed the incident to the label on the burette not being visible from where the trainee anaesthetist was standing, although a lack of communication between two anaesthetists also appears to have contributed.
The fourth incident in this category involved the misassembly of an unfamiliar infusion pump which resulted in the retrograde flow of blood from the patient into the giving tubing. The reporter felt the fault lay with the manufacturer when he described the pump as "fiddly" and "not very user friendly", and requested more straightforward infusion devices.
E. Equipment Fault (1 case)
This incident concerned an intravenous cannula that was noted to be leaking on injection of fentanyl and then propofol, resulting in delay and inconvenience in the induction of anaesthesia. The leak was from a crack in the coloured female Luer socket.
lI. Incidents Involving Peripheral Arterial Access (13 cases) A. Equipment fault or misassembly (5 cases)
Two incidents were reported of a faulty disposable transducer within the arterial line entraining air upon fluid flow towards the patient. An incident was also described in which an arterial line was connected to the patient, but just before use it was noted that the tubing contained only air between the transducer and the distal blood interface. In two incidents the arterial pressure readings differed significantly from readings in the same arm obtained by sphygmomanometry; the pressure transducers were subsequently discovered to be faulty. The anaesthetist should always check the system thoroughly before use.
B. Arterial line mistaken for venous line (3 cases)
In 3 incident reports, the anaesthetist mistook an arterial line for a venous line; in two of these cases, an intra-arterial injection of an hypnotic agent was given. In the third report, the syringe of barbiturate was poised in the anaesthetist's hand when his actions were arrested by a comment from the theatre technician. No case of an intravenous line being mistaken for an arterial line was reported.
Striking similarities exist in the circumstances which led to the misidentification of these three arterial lines. In all three incident reports, the patient concerned had the arterial line and his intravenous access in the same upper limb; both the arterial line and the venous line contained a three-way tap in the system; and none of the tubing nor the injection ports was labelled or colour-coded.
Recent developments have accelerated the pursuit of "needle-less" anaesthesia, while peri-operative invasive blood pressure monitoring is also being more frequently practised. In the face of these parallel trends, some suggestions are presented to reduce inadvertent arterial injections: 1. Plan to place the arterial line and the intravenous line in separate limbs.
ii. When an arterial line is known to be in use, trace the intravenous injection port both distally to the skin insertion site and proximally to its fluid source, before venous drug administration. iii. Colour code and label all arterial and venous plastic tubing, with the label appearing close to any injection port. iv. Avoid arterial cannulae which incorporate injection ports in their assembly.
C. Unintended disruption or loss of functional integrity of arterial lines (3 cases)
Two incidents were described in which the function of the arterial line was lost at a critical moment; both cases occurred during cardiac anaesthesia, and both were felt by the reporter to be eminently preventable. In the first instance, the difficulty in obtaining arterial access in a shocked, elderly patient was eventually overcome by the use of the brachial artery at the antecubital fossa. Immediately after the induction of anaesthesia, upon repositioning of the patient's arm, the arterial cannula fell out. The anaesthetist involved suggested that when arterial access is difficult, or when an unusual or unstable site is used, that the arterial line be sutured in place.
The second incident involved the inappropriate, improvised use of an operating table attachment as an aid to surgical retraction. The manoeuvre immediately resulted in the persistent loss of the arterial pressure trace on the monitor. At the end of the case it was realized that the equipment misuse had resulted in elbow hyperextension, sufficient to obscure the waveform; equipment should only be used for its intended purpose.
The final incident in this sub-group concerns the unintended disruption of an arterial catheter assembly during insertion; an x-ray of the elbow showed a small piece of guide-wire remaining within the patient. The reporter was unable to explain the cause of the problem; this incident is a reminder that all invasive procedures carry a risk.
D. Hazards of arterial cannulae (2 cases)
An incident was reported in which a restless, obtunded patient was delivered to the recovery room with an unlabelled, unconnected arterial line which was only discovered after the medical staff had returned to theatre. The nature and location of all types of vascular access should be part of any patient hand-over, especially during or following anaesthesia.
A case was reported of radial artery spasm following cannulation with a 22 gauge catheter. During anaesthesia, the hand remained pink, but in the recovery Anaesthesia and Intensive Care. Vol. 21, Nu. 5. October, 1993 room the hand was noticed to be white; it stayed white for 30 minutes after removal of the arterial line.
Ill. Incidents Involving Central Venous Access A. Incidents involving internal jugular vein
catheterization (i) Carotid artery puncture and neck haematomata (5 cases). In 4 incidents, carotid artery puncture was reported during attempted internal jugular venous cannulation; significant morbidity was associated with each.
In the first incident, 4-5 ml of 2070 lignocaine was infiltrated between the heads of sternomastoid in preparation for venous catheterization; only then was aspiration on the syringe performed, which showed bright blood. Ten to 20 seconds later, the patient became agitated and disorientated, with numbness of the tongue, and then proceeded to convulse for 3 minutes. There were no long-term sequelae. Aspiration should take place before, not after, local anaesthetic infiltration.
In the second case, failed internal jugular cannulation complicated by carotid needling was followed by marked supraglottic oedema. A difficult intubation ensued; only a 7 mm tube could be passed.
In the remaining two cases, carotid artery catheterization was only recognized when an arterial wave form and amplitude were manifest on pressure transduction and display. In both cases, the catheter was removed and a large neck haematoma developed. In one of these patients, systemic heparin was subsequently required for the surgical procedure; the anaesthetist searched for and excluded signs of airway obstruction following extubation. In the other case, the carotid cannulation with a triple-lumen catheter was associated with the onset of moderate hypotension and an ipsilateral haemothorax requiring drainage.
A fifth report described the development of a large neck haematoma which displaced the larynx following attempted internal jugular venous cannulation. Respiration was not compromized, but the size of the haematoma and the anticipation of imminent heparinization for vascular surgery led to postponement of the procedure.
(ii) Presumed catheter misplacement (2 cases)
A trainee anaesthetist was asked to insert a doublelumen central venous catheter for haemodialysis in a 5-year-old. The procedure was undertaken under general anaesthesia and was supervised by a consultant anaesthetist. Three attempts were required to locate the right internal jugular vein, and after passage of a dilator, and then the catheter, blood could be aspirated from only one lumen. The introducer wire was reinserted through the catheter, the catheter removed, the patency of each lumen confirmed, and then the catheter was re-inserted using the retained guide-wire. Both lumen were now found to be patent, and appeared to be functioning normally. Immediately after the procedure, a chest X-ray excluded a pneumothorax but revealed a right pleural fluid collection, while the patient's haemoglobin concentration was also discovered to have fallen. Radio-opaque dye studies suggested the dye and the catheter had entered the right pleural space. A haemothorax was drained and a second catheter was inserted uneventfully by the subclavian route the following day. The reporters' efforts to establish the exact location of the catheter after this complicated but seemingly eventually successful insertion prevented a more serious adverse outcome.
In a second case, a difficult right-sided catheter insertion was followed by inability to produce backflow of blood under gravity. Despite this finding, 150 ml of crystalloid solution was administered through this line while simultaneously a large swelling, thought to be a haematoma, developed in the right neck and both subclavian fossae. This was accompanied by marked tracheal displacement and intermittent coughing, without stridor or dyspnoea. Tracheal intubation performed soon afterwards was not difficult. The reporter considered the swelling to be a haematoma because while only 150 ml of fluid had been infused through the catheter, the swelling was some 500 ml in size.
Difficulty with localization of a central vein or with aspiration of blood should alert the clinician to the possibility of catheter misplacement.
(iii) Operator failure (2 
cases)
Two incidents were generated by a lack of operator expertise with the equipment for internal jugular cannulation. The first case involved catheterization prior to anaesthesia for major abdominal surgery; the line was inserted without event, and central venous pressure monitoring by transducer was satisfactory. Six days later on the ward, the catheter was not functioning well and after a failed attempt to flush it, the line was removed. Upon inspection of the catheter, it was seen that the guide-wire was still contained within the catheter, extending a further 15 cm distal to the catheter tip. The patient apparently suffered no morbidity. The reporter believed his lack of familiarity with a newly introduced type of central line kit contributed to this incident. In the second case, the misassembly of a central venous line system by the operator eventually resulted in what was described as the patient's last available central vein also being lost to vascular access.
B. Incidents involving subclavian vein catheterization
(i) Subclavian artery puncture (4 cases) In this series, unintended subclavian artery puncture outnumbered pneumothorax as a complication of attempted subclavian vein catheterization. Four such incidents were reported, all worthy of discussion. No pneumothoraces were associated with subclavian artery puncture; half of the patients in this group were described as obese.
In 2 incidents, the problem of unintended arterial cannulation was recognized immediately, while in the other 2 cases, the problem was not suspected until the attachment of a pressure transducer. One reporter attributed his late discovery to systemic hypotension, of which he was also unaware before the transducer reading became available. He stressed the need for adequate blood pressure monitoring during central cannulation, especially in the anaesthetized patient. Another reporter raised the question of possible subclavian vein thrombosis rendering cannulation of this vein more difficult; a central line had been recently removed because of possible thrombosis.
(ii) Pneumothorax
Three cases of pneumothorax following attempted subclavian vein catheterization were received. All incidents began in the immediate preoperative period. The first case was of a 77-year-old woman with chronic air-flow limitation. During the awake insertion of a left subclavian catheter, the patient experienced the sudden onset of left pleuritic chest pain and cough, with desaturation on pulse oximetry to 88%. No air was aspirated from the subclavian needle during the procedure. An X-ray revealed a 25070 apical pneumothorax with intra-pulmonary haemorrhage; a chest drain was inserted and maintained for seven days. The operation was deferred. This case highlights the safety margin afforded by performing subclavian catheterization using adequate monitoring and with the patient awake rather than anaesthetized. In the remaining two incidents in this group two initially silent pneumothoraces were only recognized after surgery; a chest X-ray should be obtained following central venous cannulation, although late presentation of pneumothoraces has been well described. 2 
C. Incidents involving central venous catheterization using a peripheral vein (1 case)
In this incident, central venous access was obtained with a long catheter introduced via the arm; this was Anaesthesia and Intensive Care. Vol. 21, No. 5, October, 1993 done pre-induction without electrocardiographic (ECG) monitoring. When ECG monitoring was instituted after induction ventricular tachycardia was evident. This reverted to sinus rhythm after 100 mg of intravenous lignocaine and the withdrawal of 8 cm of the central catheter.
D. Incidents involving long-term central venous catheterization (one case)
One incident was described in which a triple-lumen central venous catheter eroded into the right pleural space with consequent massive right hydrothorax. The catheter had been in place for only 5 days and was being used for parenteral nutrition. The catheter had been introduced without apparent difficulty through the left subclavian vein, and chest X-rays had confirmed the "optimum" placement of the catheter tip outside the pericardial reflection but within the mediastinum. The catheter itself was described as being of the "blue-coloured, soft-tipped" range. The reporter believed the risk of this complication had been minimised by these factors. This incident serves as a reminder that complications may arise from central Anaesthesia and Intensive Care, Vol. 21, No. 5, October, 1993 venous catheters during any time in their clinical life, 2 and perhaps also illustrates that complications may occur despite all due care.
IV, Incidents Involving Pulmonary Artery
Catheterization Only one incident involving pulmonary artery catheterization was reported in this series. This report described the unrecognized spontaneous wedging of a Swan-Ganz catheter for seven hours because the medical and nursing staff caring for the high-risk patient did not recognize the event nor appreciate the associated significant hazard. This patient was exposed to an increased risk because her care was delegated to unsuitable individuals.
